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SPECIFICATION 

Motor-driven power steering device 

5 The present invention relates to a motor-driven 
power steering device for applying assistive steering 
torque produced by an electric motor to a steering 
mechanism thereby to reduce manual steering 
forces required to steer a motor vehicle. 
10 Conventional motor-driven power steering 
devices employing electric motors forgenerating 
assistive steering torque are disclosed in Japanese 
Laid-Open Patent Publications Nos. 60(1985)-25853 
and 59(1 984)-50864 (corresponding to U.S. Patent 
15 No. 4,41 5,054 patented November 1 5, 1 983), for 
example. The disclosed motor-driven power 
steering devices have a ball screw mechanism 
including a screwshaft comprising a rack shaft of a 
rack-and-pinion steering gear mechanism, with a 
20 helical groove defined in an outer peripheral surface 
thereof, and a nut disposed over the screw shaft and 
having a helical groove defined in an inner 
peripheral surface thereof, with balls received in the 
helical grooves of the screw shaft and the nut. 
25 In the former publication, a speed reduction gear is 
integrally formed with the outer periphery of the nut 
of the ball screw mechanism, and a pinion meshing 
with the speed reduction gear is coupled through a 
clutch to a motor which produces assistive torque. 
30 Therefore, the torque of the motor is transmitted 
through the clutch, the pinion, and the speed 
reduction gear to the nut, and then is converted by 
the ball screw mechanism to axial linear motion 
applied to the rack shaft. 
35 According to the latter publication, the rotor of a 
motor is fixed to the outer periphery of the nut of the 
ball screw mechanism. Therefore, the motor is 
directly coupled to the ball screw mechanism. 
The motor-driven power steering devices 
40 employing the ball screw mechanisms as described 
above suffera small frictional loss, and hence have a 
high power transmission efficiency which leads to 
smooth powersteering operation. 

However, the above motor-driven powersteering 
45 devices have been liable to fail to operate smoothly 
and also to have a durability problem since the rack 
shaft has a helical groove and serves as the screw 
shaft of the ball screw mechanism. More specifically, 
an axial orshearing load isappliedtothe rackshaft 
50 from wheels through knuckle arms and tie rods. 
When the vehicie is steered, the steering force is 
imposed on the rack shaft from the pinion shaft, and 
assistive torque is also applied to the rack shaftfrom 
the motor via the ball screw mechanism. Therefore, 
Sf5 the rack shaft tends to ^lex undera bending moment, 
and to vibrate slightly in a radial direction due to 
movement of the meshing rack and pinion. 

Generally, the ball screw mechanisms have an 
extremely low margin for shearing loads or stresses. 
60 When the screw shaft flexes or vibrates, the helical 
groove of the nut is apt to be damaged, and/or undue 
stresses act on the bails riding in the helical grooves. 
The balls under such undue stresses cannot rotate 
smoothly, with the results that the motor torque will 
65 not be transmitted efficiently, the steering feeling of 



the driver may be impaired, and/or the durability of 
the motor-driven power steering system will be 
lowered. 

With the rackshaft helically grooved on its outer" 
70 periphery, the mechanism for transmitting assistive 
torque cannot easily be maintained or serviced since 
it is troublesome to detach such mechanism. Lack of 
interchangeability of the grooved rack shaft and the 
rack shaft of an existing manually operated steering ■ 
75 device results in an increased cost of the power 
steering devices, and makes it difficult to convert 
existing manually operated steering devices into 
motor-driven power steering devices. 
Where a ball screw mechanism is employed in a 
80 motor-driven power steering device, the power 
transmission efficiency is higherasthe lead angleof 
the helical groove on the screwshaft is larger. 
Inasmuch as the lead angle is determined by the 
magnitude of the output torque of the motor, if the 
85 motor used has a torque capacity greater than a 
certain torque level, then it is better to reduce the 
diameterof the screwshaftin a manner 
commensurate with the torque capacity of the motor 
for achieving a higher power transmission 
90 efficiency. 

With the aforesaid conventional motor-driven 
power steering devices, however, the diameter of 
the screw shaft could not be reduced beyond its 
range providing desired mechanical strength since 
95 the rack shaft used as the screw shaft is helically 
grooved and subjectto large axial and shearing 
loads. Therefore, the powertransmission efficiency 
of the conventional motor-driven powersteering 
devices is relatively low. It has also been difficultto 
100 improve characteristics of the powersteering 
devices atthe time of returning to theneutrai 
position. 

Additionally, the helical groove provided on the 
axially movable rack shaft over a certain length fails 

1 05 to provide a seal between the rack shaft and its 

housing, thus allowing dust to enter and rustto be 
formed in the ball screw mechanism. 

According to the present invention, there is 
provided a motor-driven power steering device 

110 including a rack-and-pinion steering gear 

mechanism having a housing, and a pinion shaftand 
a rackshaft which are movabiy accommodated in the 
housing, the rack-and-pinion steering gear 
mechanism being operable to convert rotation of the 

115 pinion shaftto axial movement of the rackshaft,an 
electric motormounted to the housing for 
generating steering assistive torque to be applied to 
the rack-and-pinion steering gear mechanism, a 
screwshaft having a helical groove defined in an 

120 outer peripheral surface thereof and extending 
substantially parallel to the rack shaft, the screw 
shaft being receptive of the assistive torque 
generated by the motor, nut means having a helical 
groove defined in an inner peripheral surface thereof 

125 and disposed around the screwshaft, the nut means 
being nonrotatably coupled to the rackshaft, and a 
plurality of balls disposed in and between the helical 
grooves of the screw shaft and the nut means. 
Two embodiments of the invention will now be 

130 described by way of example 3nd with reference to 



2 



GB 2 187 692 A 



2 



the accompanying drawings, in which:- 

Figure 1 is a longitudinal cross-sectional view of a 
motor-driven power steering device according to a 
first embodiment of the present invention; 
5 Figure 2 is a longitudinal cross-sectional view of a 
motor-driven power steering device according to 
another embodiment of the present invention; and 
Figure 3 is a cross-sectional view taken along line 
Ill-Ill of Figure 2. 
1 0 As shown in Figure 1 , a pinion 1 a is disposed on 
the lower end of a pinion shaft 1 coupled to a steering 
shaft (not shown) of a motor vehicle such as an 
automobile. A rack shaft 2 extending substantially 
perpendicularly to the pinion shaft 1 has a rack 
1 5 meshing with the pinion 1 a. Therefore, rotation of 
the pinion shaft 1 about its own axis moves the rack 
shaft 2 in the axial direction thereof. The rack of the 
rack shaft 2 is not shown in Figure 1 since it is 
provided on the back of the rackshaft 2. 
20 A resilient member3 is disposed around one end 
of the rack shaft 2 remotely from the pinion 1 a. The 
rackshaft 2 is axially displaceably supported in a rack 
housing 4. The housing 4 has a support arm 5 
projecting radially outwardly from an intermediate 
25 portion of the housing 4. An electric motor 6 for 

generating assistive torque is pivotally supported at 
its rear end on the distal end of the support arm 5, the 
motor 6 having an output shaft 7 extending away 
from the support arm 5. When the motor vehicle is 
30 not steered, the rack shaft 2 and the motor output 
shaft 7 lie substantially parallel to each other. 

The outputshaft7 has a helical groove 7a defined 
in the outer peripheral surface thereof. A 
non-rotatabie nut 8 having a helical groove 8a 
35 defined in the inner peripheral surface thereof is 
disposed a round the output shaft 7, with a plurality 
of balls 9 riding in and between the helical grooves 
7a, 8a. The output shaft 7, the nut 8, and the balls 9 
jointly constitute a bail screw mechanism 10. Ajoint 
40 member 1 1 has one end pivotally connected to the 
nut 8 and the opposite end 1 1 a shaped as a ring fitted 
over the resilient member 3 on the rack shaft 2. The 
joint member 11 is coupled to the rack shaft 2 
normally in substantially perpendicular relation to 
45 the rack shaft 2. Movement of the nut 8 on the output 
shaft 7 as it is axially moved by the motor 6 is 
transmitted by the joint member 1 1 to the rackshaft 
2. 

A bellows-shaped boot 1 2 extends between and is 

50 joined to the confronting ends of the housing 4 and 
the resilient member3. Similarly, another 
bellows-shaped boot 1 3 extends between and is 
joined to the confronting ends of the motor 6 and the 
nut 8. A cover or cap 1 4 is attached to the other end of 

55 the nut 8 in covering relation to the distal end of the 
output shaft 7 which projects from the nut 8. The 
boot 1 2 serves to prevent dust from entering the 
housing 4. The boot 13 and the cap 14 are effective in 
preventing dust from entering the ball screw 

60 mechanism 10. 

The motor 6 and the nut 8 are pivotally supported 
on, but actually substantially fixed to, the support 
arm 5 and the joint member 1 1 , respectively. 
Specifically, the motor 6 and the joint member 1 1 are 

65 coupled to the support arm 5 and the nut 8, 



respectively, such that the motor 6 and the joint 
member 1 1 are slightly angularly movable with 
respect to the support arm 5 and the nu t 8, 
respectively. The resilient member 3 is substantially 

70 hard with lowflexibility. 

The motor-driven powersteering device thus 
constructed operates as follows: When a steering 
wheel (not shown) coupled to the steering shaft is 
turned, the pinion shaft 1 is rotated about its own 

75 axis thereby to move the rack shaft 2 to the left, for 
example, through meshing engagement between 
the rack and the pinion 1 a. Information 
representative of the rotational speed and torque of 
the steering shaft coupled to the steering wheel is 

80 supplied to a control unit (not shown) and analyzed 
thereby. The control unit then controls the motor 6 to 
rotate the output shaft 7 clockwise as viewed in the 
direction of the arrow X. The nut 8 of the ball screw 
mechanism 1 0 is axially moved to the left. The 

85 movement of the nut 8 is transmitted through the 
joint member 1 1 as assistive torque to the rackshaft 
2. 

Astherackshaft2isaxiallydisplaced by the 
rotation of the pinion shaft 1 , an axial load (leftward) 
90 is applied to the rack shaft 2, producing a bending 
moment on the rack shaft 2. The bending moment 
acts to force the rack shaft 2 and the output shaft 7 
out of parallelism into a slightly angularly spaced 
condition. 

95 The angularly spaced condition is however 
• absorbed by the pivotal connections between the 
motor 6 and the support arm Sand between the nut 8 
and the joint member 11, or by the flexibility of the 
resilient member 3 on.which the ring-shaped end 11a 

100 of the joint member 11 is fitted. Thereto re, i.no undue 
loads or stresses are applied to the balls 9 of the ball 
screw mechanism 10. 

Accordingly, the powersteering device has a high 
efficiencyoftransmittingthetorqueofthemotor6to 

1 05 the rack shaft 2 through the ball screw mechanism 
1 0. Since the nut 8 is not rotated but the output shaft 
7 is rotated instead, the moment of inertia of the ball 
screw mechanism 10 is small, giving a good steering 
feeling to the driver who turns the steering wheel. 

110 The ball screw mechanism 10andthe motor6can 
easily be detached from the rack shaft 2 and the,- .... 
housing 4 for efficient maintenance and servicing*. 
The powersteering device of the invention can be 
installed on existing manually operated steering 

115 systems, so that existing manually steered motor 
vehicles can easily be converted into power-steered 
motor vehicles. 

Figures 2 and 3 illustrate a motor-driven power 
steering device according to another embodiment of 

1 20 the present invention. As shown in Figure 2, a pinion 
shaft 1 01 is coupled to a steering wheel through a 
steering shaft (not shown) and rotatably supported 
by a pinion holder 102. The pinion holder 1 02 
supports a steering torque sensor 103, a steering 

125 rotation sensor 104, and a control unit 105 which 
controls an electric motor 1 10 on the basis of 
detected signals from the sensors 1 03, 1 04. A rack 
shaft 107 has a rack 107a meshing with a pinion (not 
shown) on the pinion shaft 101 . The rack shaft 107 is 
130 supported in a rack housing 108 and axially movable 
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in response to rotation of the pinion shaft 101. 

The motor 1 10 is disposed around the rack shaft 
107. The motor 1 10 includes a cylindrical stator 1 1 1 
fixed to the rack housing 108, at least a pairof 
5 magnets 1 1 2 secured to the inner surface of the 
stator 1 11, and a rotor 1 13 rotatably disposed around 
the rack shaft 1 07. The rotor 1 1 3 has a cylindrical 
shaft 1 1 6 rotatably supported in the housing 1 08 by 
means of bearings 114, 1 15aroundthe rackshaft 

10 107. On and around the cylindrical shaft 1 16, there 
are successively disposed an iron core 1 17 having a 
skew groove and a multiple winding 1 18. A 
commutator 1 1 9 electrically connected to the 
multiple winding 1 18 is also mounted on the 

1 5 cylindrical shaft 1 1 6. A brush 1 20 pressed against the 
commutator 1 1 9 is accommodated in a brush holder 
121 affixed to the housing 108. The brush 120 and the 
control unit 1 05 are electrically connected by lead 
wires. 

20 The cylindrical shaft 1 1 6 has an integral gear 1 24 
on the outer periphery of the lefthand end thereof. 
The gear 1 24 is held in mesh with a gear 1 25 
integrally fixed to the righthand end of a screwshaft 
126 having a helical groove 126a defined in an outer 

25 peripheral surface thereof over a certain length. The 
screw shaft 1 26 lies in the rack housing 1 08 parallel 
to the rack shaft 1 07, and has opposite ends rotatably 
supported on the housing 1 08 by means of 
respective bearings 1 27, 1 28. Therefore, the screw 

30 shaft 1 26 is operatively coupled through the gears 
1 24, 1 25 to the motor 110, and is hence rotatable 
about its own axis by the motor 110. 

As illustrated in Figure 3, a nonrotatable nut 1 30 
having a helical groove 130a defined in the inner 

35 peripheral surface thereof is disposed around the 
screw shaft 1 26, with a plurality of balls 1 31 received 
in the helical grooves 126a, 130a of the screwshaft 
1 26 and the nut 1 30. The screw shaft 1 26, the balls 
131 , and the nut 130 jointly serve as a ball screw 

40 mechanism 132. The nut 130 has oppositely directed 
flanges 130b, 130c fastened to a joint member 137 by 
meansof bolts 135, 136, respectively, with bushings 
133, 134 disposed around the bolts 135, 136, 
respectively. The joint member 137 is fixed to the 

45 rackshaft 107 by meansof a bolt 138. Therefore, axial 
movement of the nut 130 along the screw shaft 126 is 
transmitted to the rack shaft 1 07 to move the latter in 
the axial direction thereof. The bushings 1 33, 1 34 
comprise respective inner sleeves 133a, 134a, 

50 respective outer sleeves 133b, 134b, and respective 
resilientmembers 133c, 134c interposed between 
the innerand outersleeves 133a, 133b and 134a, 
134b, respectively. The resilient members 133c, 134c 
are comparatively hard, but of such a degree of 

55 flexibility that will allow the screw shaft 1 26 and the 
rackshaft 107 to be siightly angularly displaced out 
of parallelism under stresses or loads. Therefore, 
even when a bending moment is applied to the rack 
shaft 1 07 due to steering reactive forces, such a 

60 bending moment is absorbed by the resilient 

members 1 33c, 1 34c thereby to prevent undue loads 
or stresses from being imposed on the screwshaft 
126. 

The screwshaft 126 of the ball screw mechanism 
65 132 is separate from cne rack shaft 107. 



Consequently, the screw shaft 126 may be of a 
reduceddiameter,andhencethe!eadangleofthe * 
helical groove 126a may be large for an increased 
power transmission efficiency of the ball screw 

70 mechanism 132. When the steering wheel turns back 
to its neutral position, axial movement of the nut 130 
is converted to rotation of the screw shaft 1 26. Thus) 
the response of the powersteering device is high 
and the driver's steering feeling upon steering action 

75 is improved. As the powertransmission efficiency of 
the powersteering device is high, the output loss 
and electric powerconsumption of the motor 1 1 0 as - 
it is energized are relatively low. 
Since the rack shaft 107 is not helically grooved, it 

80 is interchangeable with the rackshaft of a manually 
operated powersteering device, and can easily be 
sealed against entry of dust and formation of rust. 
The rackshaft 107 isthus highly reliable in operation. 
The motor 110 is disposed concentrically around 

85 the rackshaft 107, with no ball screw mechanism 
interposed therebetween. This is advantageous in 
thatthe rotor 1 13 of the motor 1 10 may be of a large 
diameterforproducing an increased outputtorque 
whileatthe sametimethe motor 1 10 may be of a 

90 small profile allowing the overall powersteering 
device to have a compact size. Because the output of 
the motor 1 10 can be increased, the lead angle of the 
ball screw mechanism 132 can be increased for a 
much higher powertransmission efficiency, and the 

95 maximum rotational speed of the motor 1 1 0 can be 
lowered, thereby reducing noise generated by the 
powersteering device. 

It will thus be seen thatthe present invention, at 
least in its preferred forms, provides a motor-driven 
100 powersteering device which ensures smooth 
operation and increases durability of a ball screw 
mechanism that converts assistive torque from a 
motorto axial movementof a rackshaft, forhigher 
powertransmission efficiency of the ball screw 
1 05 mechanism, which has improved characteristics at 
the time of returning to its neutral position, and 
which provides an easy and reliable seal on the rack 
shaft. 

It is to be clearly understood that there are no 
110 particularfeatures of the foregoing specification, or 
of any claims appended hereto, which are at present 
regarded as being essential to the performance of 
the present invention, and that any one or more of 
such features or combinations thereof may therefore 
115 be included in, added to, omitted from ordeleted 

from any of such claims if and when amended during , 
the prosecution of this application or in the filing or 
prosecution of any divisional application based 
thereon. , 

120 

CLAIMS 

1 . A motor-driven power steering device 
including a rack-and-pinion steering gear 

125 mechanism having a housing.. 3nd a pinion shaft and 
a rack shaft which are nr.ovabiy accommodated in 
said housing, said rack-and-rrinion steering gear 
mechanism being operable tc convert rotation of 
said pinion shaftto axial mcvemertof said rack 

130 shaft, an electric motor mcL~:ed to said housing for 
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generating steering assistive torque to be applied to 
said rack-and-pinion steering gear mechanism, a 
screw shaft having a helical groove defined in an 
outer peripheral surface thereof and extending 
5 substantially parallel to said rack shaft, said screw 
shaft being receptive of the assistive torque 
generated by said motor, nut means having a helical 
groove defined in an inner peripheral surface thereof 
and disposed around said screw shaft, said nut 
10 means being nonrotatably coupled to said rack shaft, 
and a plurality of bails disposed in and between said 
helical grooves of said screwshaft and said nut 
means. 

2. A motor-driven power steering device 

1 5 according to claim 1 , wherein said screw shaft 
comprises an output shaft of said motor whereby 
rotation of said motor can be transmitted directly to 
said screwshaft. 

3. A motor-driven power steering device 

20 according to claim 2, wherein said motor is coupled 
to said housing and angularly movable in a relatively 
small angle range. 

4. A motor-driven power steering device 
according to claim 2 or 3, wherein said nut means 

25 includes a joint member and is coupled by said joint 
memberto said rack shaft for angular movement in a 
relatively small angle range. 

5. A motor-driven powersteering device 
according to claim 4, wherein said joint member is 

30 fitted over said rack shaft through a resilient 
member. 

6. A motor-driven powersteering device 
according to claim 1 , wherein said motor is disposed 
concentrically around said rack shaft and has an 

35 output shaft having a first gear, said screw shaft 

• having a second shaft held in mesh with said first 
gear, whereby rotation of said motor can be 
transmitted to said screw shaft through said first and 
second gears. 

40 7. A motor-driven powersteering device 
according to claim 6, wherein said nut means 
includes a joint member and is coupled by said joint 
memberto said rack shaft for angular movement in a 
relatively small angle range. 

45 8. Motor-driven power steering devices 
substantially as hereinbefore described with 
reference to the accompanying drawings. 
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